preparation. A previous version of MolKin (version 1.0) was available on request for research purposes (Á lvarez et al. 2005) . Following Bennewitz and Meuwissen (2005) , who have recently suggested that bootstrapping could significantly improve kinship estimates, the main change included in the present version of MolKin (version 2.0) is the inclusion of a bootstrapping procedure to compute, when needed, molecular coancestry coefficients and most genetic distances calculated by MolKin with the corresponding standard errors. Following Felsenstein (1985) , the bootstrapping procedure implemented in MolKin (version 2.0) involves creating new datasets by randomly sampling individuals with replacement, so that the resulting datasets have the same size as the original, but some genotypes have been left out and others are duplicated. The random variation of the results from analyzing these bootstrapped datasets can be shown statistically to be typical of the variation that you would get from collecting new datasets.
Although written primarily as a program for research purposes, the new version of MolKin (version 2.0) improves the user's environment and offers a number of features that may be of interest to teachers and students for developing an indepth understanding of concepts related to population genetic analysis.
Program Functions
The primary functions carried out by MolKin are the computation of between-individual (and population) molecular coancestry coefficients (f ij ) (Caballero and Toro 2002 ) and the kinship distance (D k ) at individual and population levels. Using MolKin, the user can also compute a set of amongpopulation genetic distances and F-statistics (Wright 1978) from multilocus information. The molecular coancestry between two individuals, i and j, is the probability that two randomly sampled alleles from the same locus in two individuals are identical by state (Caballero and Toro 2002) . This can be computed at a given locus using the following scoring rules (Caballero and Toro 2002; Eding and Meuwissen 2001) :
where I xy is 1 when allele X on locus l in individual i and allele y on the same locus in individual j are identical, and zero otherwise. Notice that this value can only have four values: 0, ¼, ½, and 1. The molecular coancestry between two individuals i and j ( f ij ) can be obtained by simply averaging over L ana-
The molecular coancestry of an individual i with itself is self-coancestry (called s i ), which is related to the coefficient of inbreeding of an individual i (F i ) by the formula F i 5 2s i ÿ 1. In turn, the (kinship) distance (here called D k ) between two individuals i and j is (Caballero and Toro 2002 and D k by simply averaging the corresponding values for all the within-or between-population pairs of individuals.
Molecular coancestry is related to the majority of genetic distances used for between-population studies and F-statistics (Caballero and Toro 2002; Eding and Meuwissen 2001) . Since these parameters are widely used in genetic studies (Á lvarez et al. 2005; Takezaki and Nei 1996; Tomiuk et al. 1998) , their computation has been implemented in MolKin (version 2.0). However, unlike other available programs such as GENEPOP (Raymond and Rousset 1995) or Fstat (Goudet 1995) , MolKin computes these parameters in the following way:
(1) Wright's (1978) F-statistics-F IT , F ST , and F IS -are obtained as
where f~; F are, respectively, the mean coancestry and the inbreeding coefficient for the whole population, and f is the average coancestry for the subpopulation [see Equations (3) and (6) in Caballero and Toro (2002) ]. Notice that F is not the same as genealogical inbreeding, defined as the probability that an individual has two identical alleles by descent (Malécot 1948) , but homozygosity, which refers to identity by state.
, respectively, where f kk and f mm are the average coancestry between individuals belonging to population k and m, and f km is the average coancestry between individuals belonging to populations k and m. (3) Reynold's distance (D R ) (Reynolds et al. 1983) , computed as D R 5 ÿln(1 ÿ F ST ).
MolKin further computes, at individual and population levels, the shared allele distance (D AS ) (Chakraborty and Jin 1993) , which is computed as
where P SAk and P SAm are the average proportion of shared alleles between individuals belonging to populations k and m, and P SAkm is the average proportion of shared alleles between individuals belonging to populations k and m.
Finally, MolKin computes the rarefaction method (Hurlbert 1971 ) and the polymorphic informative content (PIC) (Botstein et al. 1980) . The simple average number of alleles (or allelic richness) per population is a highly informative measure that can be useful in interpreting the main results obtained using MolKin. However, this parameter can be affected by the sample size and needs to be corrected using Hurlbert's rarefaction method (1971) as
where A[g] is the rarefacted allelic richness, g is the specified sampled size, N is the number of gene copies examined in a given locus (N . g), and N i is the number of occurrences of the ith allele among the N sampled gene copies. On the other hand, the PIC (Botstein et al. 1980) at both the marker and population level is computed as PIC 5 1 ÿ
j ; p i and p j being the frequency of the alleles i and j of a given locus. The parameter PIC refers to the value of a marker for detecting polymorphism within a population, depending on the number of detectable alleles and the distribution of their frequency, and has been proven to be a general measure of how informative a marker is (Guo and Elston 1999) ; the higher the PIC value, the more informative the marker.
Input and Output Files
MolKin has been designed to avoid the need for a large amount of preparation of input files. MolKin accepts plain text files or .xls files (from Microsoft Excel worksheets), which must contain data in GENEPOP (Raymond and Rousset 1995) format, with each allele coded with three digits. This format can be used to conveniently record genotypes of electrophoretic or some microsatellite loci. The length (in nucleotides) of a microsatellite or the relative mobility of electrophoretic alleles can be directly indicated. This format makes it easier to check the input file for mistakes. Missing data are indicated as ''000.'' Note that the homozygote for the 90 allele is denoted as 090090 (and not 9090, as in the two-digit format). However, MolKin allows the two alleles of each marker to be separated by a forward slash (i.e., 090/090).
Most of the results of each analysis carried out using MolKin are written to the corresponding table in a Microsoft Access file called Microsat.mdb to facilitate their further use. In addition, MolKin has been programmed to give some results (usually at an individual level) in plain text files with tab or space delimited items of information, thus allowing their subsequent editing using any worksheet software. Moreover, some of the plain text files, including the betweenindividual molecular coancestry, D k , and D AS matrices, are provided with format prepared to be captured with limited changes using the MEGA2 software (Kumar et al. 2001) so that a phylogenetic tree can be computed. Since MolKin can handle genotypic input data that is a combination of various sources of information (such as microsatellites, restriction fragment length polymorphism [RFLP], allozymes, or any others) with different degrees of polymorphism, the user may be interested in testing the influence of these differences on the assessment of the molecular coancestry-based coefficients. MolKin allows most variables to be computed, assigning the same weight to the information provided by each locus or weighting it according to its PIC (Botstein et al. 1980) . Results obtained by weighting in accordance with the PIC are stored in the corresponding Access tables and .txt files under a name beginning with ''W_.'' The user can also choose to compute molecular coancestry and genetic distances (and the corresponding standard errors) using bootstrapping, regardless of whether these values are PIC weighted or not. Results obtained by bootstrapping are stored in the corresponding Access tables and .txt files under
Computer Notes a name ending in ''Boot.'' The names of the Access tables and .txt files containing the results of the computations are usually self-informative regarding their content.
How to Use MolKin: Short Overview
MolKin starts by simply double-clicking on the program icon. After that, the initial screen of MolKin allows the user to find the .txt or .xls input data file in the corresponding directory and, for the .xls input files, to choose the worksheet on which the session will be carried out. After loading the input file, some descriptive computations of the input data are carried out and the user is presented with three different menus: Distances, Individual Kinship, and Rarefaction.
By clicking on the Distances menu, the user obtains, at an individual or population level, the matrices containing molecular coancestry coefficients, the kinship distance (D k ), Wright's (1978) F-statistics, Nei's minimum (D m ) and standard (D s ) distances (Nei 1987) , the Reynold's distance (D R ), and the shared allele distance (D AS ) (Chakraborty and Jin 1993) . By clicking on the Bootstrapping submenu, the user can obtain the majority of parameters using bootstrapping, without having to previously obtain the direct results. A detailed discussion on interpretation of the D k and molecular coancestry matrices with respect of classical genetic distances can be found in Á lvarez et al.
(2005).
MolKin's second menu is the Individual Kinship menu. This has two submenus: the Between Individuals submenu, and the Mean Molecular Kinship submenu. The Between Individuals submenu is designed to help breeders in the management of a given population: the user selects any couple of individuals to be mated to obtain the corresponding molecular coancestry coefficients. To facilitate interpretation of the results, the average values for the whole analyzed population are presented on the screen. The Mean Molecular Kinship submenu computes the average molecular coancestry between each individual and all the others in the entire population or in the subpopulation in which the individual is classified (unweighted or PIC weighted). An example of how the average molecular coancestry can be used for conservation purposes is given in Table 1 for the rare Xalda sheep breed (Á lvarez et al. 2004; Goyache et al. 2003) . A total of 16 Xalda male individuals are candidates to be selected as parents for the following generation and genotyped with a set of 14 microsatellites (Á lvarez et al. 2004, 2005) . The 16 candidate individuals were analyzed jointly with 148 additional individuals representative of the live Xalda population. If conservation of genetic diversity is the breeding goal, individuals with the lowest average molecular coancestry values should be selected. Six of the 16 candidate individuals have average molecular coancestry values below the mean molecular coancestry of the whole genotyped population. Consequently these six individuals should be selected for reproduction.
MolKin's third menu is the Rarefaction Method menu, which gives descriptive statistics on genetic diversity (observed and expected heterozygosity, average PIC and average number of observed alleles per locus [rarefacted or not] for the analyzed populations). MolKin allows the user to fit a particular sample size (g) for rarefaction.
General Comments
MolKin has inherited some routines written for the program ENDOG , designed to analyze pedigree information. MolKin is written in Visual Basic and runs on Windows 95/98/2000/NT/XP. A setup menu guides the user when installing the program. The program, user's guide, and example file can be downloaded free of charge at http://www.ucm.es/info/prodanim/Molkin2.zip. MolKin has been tested on several datasets and results were checked for consistency with alternative software whenever possible. Classical genetic distances (D m , D s , D R , and D AS ) and F-statistics have been tested using the programs GENEPOP (Raymond and Rousset 1995) , Fstat (Goudet 1995) , and Populations (Langella 1999) , although MolKin computes these parameters (except D AS ) on molecular coancestry instead of on allelic frequencies. The authors would appreciate being informed of any detected bugs. Although the example file provided with the program includes a very small dataset, MolKin is capable of handling large data files such as that previously published by Hanotte et al. (2002) , including more than 2000 individuals from 58 cattle populations genotyped for 15 autosomal microsatellite markers. The lower the average molecular coancestry, the lower the representation of a genotype in the population. Average molecular coancestry for the whole dataset is 0.357 (whole population). The first six individuals have average molecular coancestry values less than 0.357 and should be selected for reproduction. 2005:96(6) 
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